Introduction
In externally fertilizing teleost species, spermatozoa initiate their motility through contact with the external environment when spawning occurs (Morisawa, 1994) . The initiation process depends on differences in the environment of the spermatozoa between the reproductive organ and the spawning ground. The mechanism of sperm activation has been studied extensively in salmonid and freshwater species. Many physical and chemical factors, such as osmotic shock, pH and ionic concentration, have been suggested as triggers of sperm motility (Stoss, 1983; Morisawa, 1994) . In rainbow trout (Oncorhynchus mykiss), sperm motility is activated by simple dilution, which leads to a decrease in extracellular K+ (Schlenck and Kahmann, 1938; Morisawa and Suzuki, 1980) or by addition of divalent cations (Baynes et ah, 1981; Billard and Cosson, 1992; Boitano and Omoto, 1992) . The initiation of the progressive movement is immediately followed by entry of Ca2+ (Cosson et ah, 1989; Boitano and Omoto, 1992) with a consequent increase in intracellular cAMP, which triggers motility by activation of a cAMP-dependent protein kinase (Morisawa and Morisawa, 1990) . Nevertheless, the mechanisms regulating sperm motility are not fully understood in fish. Energetic metabolism is considered to be a major factor limiting the duration of sperm motility. In carp (Cyprinus carpio), as well as in trout, the decrease of flagellar beat frequency, velocity and duration of movement have been related to a progressive depletion of the intracellularaccumulated before ejaculation are the main energy source sustaining sperm swimming. Nevertheless, the loss of movement may also be associated with other mechanisms because the flagellar beat frequency remains high and the intracellular ATP is not entirely exhausted immediately before total arrest of sperm movement. Osmotic damage affecting cellular structure may result in a limitation of the duration of movement. After exposure to fresh water, the structure of trout spermatozoa is markedly altered. The plasma membrane becomes swollen and disrupted, while the middle piece also becomes disorganized (Billard, 1978) .
Nevertheless, the short duration of trout sperm motility cannot be attributed entirely to hypo-osmotic shock or to the alteration of membrane structure that occurs within a few minutes (Billard, 1978) . In carp, swelling of the sperm head and a progressive but reversible coiling of the flagellum is observed after short-term exposure to fresh water.
However, mitochondria are able to synthesize ATP (Perchée et al, 1996) .
In trout, Ca2+ modulates the trajectory of spermatozoa by induction of an asymmetric beating (Cosson et ah, 1989; Boitano and Omoto, 1992 (Gibbons and Gibbons, 1980) . Boitano and Omoto (1992) suggested that Ca2+ could act by altering the phosphorylation state of axonemal proteins of trout spermatozoa. In puffers (Takifugu niphobles) and flounders (Kareius bicoloratus), the rise of intracellular Ca2+ could act as a signal triggering the initiation of sperm motility (Oda and Morisawa, 1993).
Few characteristics of the spermatozoa of sea bass (Dicentrarchus labrax) have been reported. The high sperm concentration (1^1 IO10 spermatozoa ml-1; Villani and Catena, 1991), the spermatocrit (ratio of the volume of sperm pellet to the total sperm volume; 65-90%; Zohar et al, 1984) and the gonado-somatic index (4%; Barnabe, 1976) all indicate a great spermatogenetic production capacity in this species relative to other teleost fishes (Suquet et ah, 1994) . The osmolality of the seminal fluid is approximately 400 mOsm kg"1 (Villani and Catena, 1991) . The motility of spermatozoa is triggered immediately upon dilution in sea water. Nevertheless, the salinity of the activating medium influences the duration of sperm swimming (Billard, 1984 (1985) .
Images of native and permeabilized flagella of moving spermatozoa were obtained using the method described by Cosson et ah (1997 (Fig. 2) . As a consequence, the linearity index, defined as the ratio between the straight line velocity and the curvilinear velocity, significantly decreased between 5 and 30 s after activation (Fig. Id) (Fig. 6a ). An increase in ionic strength also leads to a dampening of distal waves (Fig. 7) . Ca2+ also regulated the twist of the flagellum. At high Ca2+ concentrations, spermatozoa circled according to a planar trajectory, coplanar with their beating plane (Fig. 6a-d) . In contrast, at low Ca2+ concentrations, spermatozoa described much more linear tracks. However, their beating plane rotated as spermatozoa were seen alternately from the top and side (Fig. 6e-g , lower panels). In this latter condition, the average rotation frequency was around 5 Hz. The flagellar beat frequency was only slightly affected by the potassium acetate concentration, except at high values (> 300 mmol P1) (Fig. 4b) . The curvature increased markedly with potassium acetate at low Ca2+ concentration (Fig. 4c) . The wave amplitude decreased with potassium acetate concentration at low Ca2+ concentration (2 IO"11 mmol 1) (Fig. 4d ), but increased with the potassium acetate concentration at high Ca2+ concentration (1.4 IO-6 mmol P1). In contrast, the wavelength increased significantly from 12-17 to 30-35 pm with increasing potassium acetate concentration, whereas Ca2+ concentration did not modify this pattern (Fig. 4e ). Similar effects of ionic (Fig. 8b) .
Ultrastructure of sea bass spermatozoa
The general morphology of sea bass spermatozoa, as examined by transmission electron microscopy, is simple (Fig. 9a) . The head of the unactivated spermatozoon is round, measuring 1.37 ± 0.13 pm from the anterior to the posterior part. The length and width of the nucleus are 1.29 ± 0.20 pm and 0.87 ± 0.14 pm, respectively. The spermatozoon is devoid of any acrosome (Fig. 9a,b) . At the apical part, the nuclear envelope is detached from the plasma membrane, leading to the formation of a cytoplasmic space (Fig. 9b) content was used after longer periods of 2 and 1 min, respectively.
The motility of spermatozoa depends on the dynein ATPases, which hydrolyse ATP to produce flagellar beating (Gibbons, 1968 (1991) suggested that a high concentration of accumulated ADP contributes to the decrease in flagellar beat frequency. Therefore, high consumption of ATP and the accumulation of ADP after activation could explain the short distance covered by sea bass spermatozoa during the motile phase.
As indicated by the results of the present study, osmotic readjustment may regulate motility. Furthermore, osmotic damage to cellular structures may limit the duration of sperm movement. The sea bass spermatozoon is considered of a primitive type (Franzen, 1970) or as a simple anacrosomal aquasperm because of its rounded nucleus, reduced middle piece and typical '9 + 2' axoneme (Jamieson, 1991) . The chromatin of sea bass spermatozoa is granular and the existence of true protamine in the nucleus results in poor condensation of the chromatin (Saperas et ah, 1993) . After activation, there was a 32% increase in nucleus length and a 20% increase in width, despite spermatozoa being maintained in the hyperosmotic environment of the activation medium. These findings may represent the first step of chromatin decondensation after activation. During the insemination of medaka (Oryzias latipes) ova, nuclear chromatin décondenses and disperses in the apical region of the sperm head, while the nuclear envelop displays various stages of vesiculation (Iwamatsu and Ohta, 1978) . In ayu (Plecoglossus altivelis), a swelling phenomenon has been reported in mitochondria for a wide range of osmotic pressure ranging from 100 to 600 mOsm kg-1 (Utsugi, 1993) . In black porgy (Acanthopagrus schlegelli), black grouper (Epinephelus malabaricus) and Atlantic croaker (Micropogonias undulatus) (Gwo, 1995) , as well as in sea bass, the intracristal spaces of mitochondria are dilated after activation in sea water. The mitochondria of these four marine fish species shrink, which may explain the low mitochondrial activity during the motile period and the short duration of swimming of sea bass spermatozoa. In carp, the head of spermatozoon undergoes considerable swelling after dilution in fresh water, while the tip of flagellum exhibits marked coiling (Perchée et ah, 1996) . The formation of the coiled position slows down cell motion by superimposing dynamic constraints on normal flagellar movement (Perchée et ah, 1996) . Moreover, in trout, as well as in carp, alteration of the plasma membrane structure occurs (Billard, 1978; Marian et ah, 1993 Marian et ah, ,1997 .
When sperm motility was triggered by the dilution in an activating medium with an osmolality of 630 mOsm kg-1, the last swimming phase, characterized by a low flagellar beat frequency and low propulsive velocity, was prolonged. In carp, when motility was activated by dilution in an ionic medium (osmolality, 10 mOsm kg"1) rather than distilled water (2 min), the total duration of swimming of some spermatozoa reaches 10 min (Perchée et ah, 1996) 
